Introduction
Since the pioneering observational studies on tropospheric ozone distribution [Fishman, 1994; Fishman et al., 1990 Fishman et al., , 1991 , the issues on the source regions have focused on the biomass burning over South America and Africa [Fishman et al., 1990; Thompson et al., 1993 ]. Fishman's original studies examined two types of satellite observations: total ozone mapping spectrometer (TOMS) for the total atmospheric column ozone and stratospheric aerosol and gas experiment (SAGE) for the stratospheric component. A list of acronyms is provided in Table 1 . These studies qualitatively provided a convincing picture of a tropospheric ozone maximum, which was centered near the Greenwich meridian and roughly 10 ø to the south of the equator. Plate 1 from Fishman et al. [1990] describes the residual tropospheric ozone obtained from the subtraction of the stratospheric ozone (as measured from SAGE) from the •Department of Meteorology, Florida State University, Tallahassee. 2National Meteorological Center, Washington, D.C. 3Earth System Science Division, NASA Ames Research Center, several sites provided insight into the possibility that accumulation of ozone can occur in the lower troposphere near the oceanic inversion and in the upper troposphere as well. Refinements of the early satellite measurements of total ozone [Fishman et al., 1990] were provided by Thompson et al. [1993] , who emphasized the corrections for the oceanic stratocumulus. Satellite observations suggest that the tropospheric ozone has a relative maximum during the austral spring, i.e., September and October. The atmospheric circulations over a broad-scale region covering Africa, South America, and the Atlantic Ocean were summarized by Krishnamufti et al. [1993] . They described the circulation climatology (i.e., monthly means) as well as the transients of this region. It was recognized that atmospheric transport processes could include possible candidates such as (1) divergent planetary east-west circulations with ascending branches in the Asian monsoon region and descending air over the tropical southern Atlantic Ocean; (2) frontal descent of the southern hemispheric air, which was shown to subsequently circulate northward in the lower troposphere, i.e., counterclockwise around transient anticyclones of the southern tropics and subtropics; (3) biomass burn elements from South America, being eventually conveyed via the westerlies near 25øS and . Difficulties stem from uncertainties in data coverage, analysis assimilation differences from various centers, usage of modelbased data by users using alternate algorithms (different from those used by modelers), methodology, and space-time interpolations in the construction of trajectories. A nonlinear advection of passive tracers, using a fourth-order semiLagrangian advective scheme [Krishnamurti et al., 1990] used in this study eliminates most of these difficulties. There are important questions as to what dynamics only contributes, as compared to the contribution of the photochemistry of the biomass burn, toward the eventual pattern of the ozone accumulation over the tropical southern Atlantic Ocean. The role of the dynamics is something that we can perhaps address from our modeling capability. However, we feel that, given the half-life of the ozone, of roughly a week in the lower troposphere and roughly 3-4 weeks in the upper troposphere and stratosphere, the ad hoc nature of our approach in neglecting the contributions of photochemistry may still be quite acceptable, since we are examining periods of 6 days only. The eventual strategy of long-term transport studies would, however, require four-dimensional global models at high resolution that include photochemical history variables.
The field experiment Transport and Atmospheric Chemistry Near the Equator--Atlantic (TRACE A) was conducted over this entire region of interest during the months of September and October 1992. A chronology of the components of the experiments appears in this special issue of the Journal of Geophysical Research [Bachmeier and Fuelburg, 1995] . One purpose of this field experiment was to provide a diverse set of observations for circulation and photochemical studies toward providing an understanding of the role of biomass burning on the accumulation of the tropical tropospheric ozone over the southern Atlantic Ocean.
Objectives of the Present Study
The main objective of the present study is to use results from the Florida State University (FSU) global spectral models at high resolution, to investigate the relative roles of passive tracer transports based on TOMS and those based on simply modeled biomass burn patterns on the accumulation of ozone over the tropical southern Atlantic Ocean.
Data Sources for the Present Study
For the initial state of atmosphere, we have used the National Meteorological Center (NMC) operational level III data sets, which are based on analysis of the conventional World Weather Watch observations data, the available global data from commercial aircraft, data from ships of opportunity, the polar orbital satellite based soundings, cloud-tracked winds, and some surface buoy data from the equatorial Pacific and the southern hemisphere.
Enhanced cloud-tracked winds over the tropical Atlantic Ocean were studied. During the months of September and The tropopause descends to roughly 250-300 mbar near 60øS, and the tropopause is somewhat above the 120-mbar surface over the northern summer tropics. In this study we have not addressed the specifics of tropospheric residue ozone, since such data were not available at the time of this research. Those aspects will be addressed in a future study.
The Global Model
The global model used in this study is identical in all respects to that used by Krishnamufti et al. [1989] . The characteristics of the global model are as follows: independent variables (x, y, o-, t); department variables of vorticity, divergence, surface pressure, vertical velocity, temperature, and humidity; horizontal resolution of 126 triangular waves; vertical resolution of 15 layers between roughly 30 and 1000 mbar; semi-implicit time differencing scheme; centered differences in the vertical for all variables except humidity, which is handled by an upstream differencing scheme (the humidity variables require a positive definite advective scheme); fourth-order horizontal diffusion [Kanamitsu et al., 1983 [Kitade, 1981] .
Other aspects of global modeling entail the passive advections of ozone. For this purpose, we have designed an advection algorithm that makes use of the semi-Lagrangian conservation principle based on Kn'shnamurti et al. [1990] .
Passive Tracer Experiments
In this section, we shall describe in sequence, the experiments based on dynamics alone, isolated source, and optimized burn. We make the assumption that, over a short period of the order of a week, the stratospheric changes in the ozone are small. Next we shall present the total ozone based on the TOMS data and those obtained from these global model fore- experiments: a sustained source placed over the burn area of South America; a sustained source in the stratosphere over the southern hemisphere; and a sustained source over the burn region of Africa. These sources are defined in Table 2 . It should be noted from Table 2 that the nature of these sources is akin to vertical plumes that provide a continuous supply of tracers. These are being advected by the motion field of the global model. These sources were introduced over a certain vertical depth (Table 2) of the atmosphere over the prescribed location (Table 2) . Table 2 also describes the weights that were assigned to the different vertical levels where the sustained source was introduced. The geometries of these sources were either circular or elliptical ( Table 2) where D is a parameter that defines the lateral size of the source in degrees latitude-longitude, R is the transformed distance from the central point of the source (see Table 2 ), and S is the maximum sustained ozone concentration.
Dynamics-Alone Experiment
The rationale for the selection of these sustained sources is the following: the stratospheric sustained source was based on an examination of TOMS data for the week preceding October 14, where we noted a quasi-stationary ozone maximum over the Atlantic coast of South America near 30øS. The source of this maximum appeared to be stratospheric, since its earlier time history showed a passage to that region from much farther south of 25øS. On that basis it was decided to introduce a source near 25øS and 45øW with the specifications described in Table 2 . The choice of the other two sustained source regions over South America and Africa were dictated by the mapping of the fire counts. These are illustrated in Plate 2 and Figure 4 . The sustained source is introduced almost directly over the burn areas for both of these experiments. The vertical structure of the source (shown in Table 2 ) reflects plausible vertical distributions that might arise from effects of cumulus convection, which the biomass burn provides vertically. Given a prescribed vertical distribution (Table 2) over the burn regions, the global model is used to carry out a four-dimensional passive tracer advection for each case separately. A sustained biomass burn source is placed over Africa, between 300 and 900 mbar (Table 2) 
Concluding Remarks
The most striking result of this study is that we are able to demonstrate skills of the order of 0. The dynamics alone experiments are quite revealing and bring out the use of numerical global models for such studies. In fact, the inclusion of explicit photochemistry in the model can provide answers to many unexplained features of atmospheric photochemistry.
